Isolates of the kidney disease bacterium, the causative agent of bacterial kidney disease in salmonid fishes, were characterized by the guanine plus cytosine content of the deoxyribonucleic acid, by cell wall sugar composition, and by amino acid composition of the peptidoglycan cell wall layer. The guanine plus cytosine contents of the deoxyribonucleic acids of the isolates were 53 & 0.46 mol%. Glucose was the principal cell wall sugar detected in each kidney disease bacterium isolate. The major amino acids detected were alanine, glutamic acid, lysine, and glycine. It is proposed that these organisms form a single species belonging to a new genus, for which the name Renibacterium is proposed. The type species is Renibacterium salmoninarum sp. nov., of which the type strain is Lea-1-74 (= ATCC 33209). This organism is most closely related to the Coryneform Group of Bacteria.
Bacterial kidney disease (corynebacterial kidney disease, salmonid kidney disease) was probably first described, under the name Dee disease, in 1930 from Atlantic salmon (Salmo salar) in Scotland (25). This disease was first reported in the United States by Belding and Merrill (2) in brook trout (Salvelinus fontinalis) and brown trout (Salmo trutta) from a hatchery in Massachusetts. In both reports a bacterium, characterized as a small, gram-positive diplobacillus that did not grow on any available media, was found in the kidneys of diseased fish.
Since these original reports, bacterial kidney disease has become widely recognized as one of the most important infectious diseases of hatchery-reared salmonids. It is now routinely found in salmonid populations from parts of Europe, Canada, the United States, Japan, and Iceland. There are no reports of this disease occurring in fishes other than salmonids.
Ordal and Earp (17) initially cultured the causative agent of bacterial kidney disease and identified it on the basis of its morphological appearance, as a species of Corynebacterium. Smith (25) concluded that Dee disease of salmonids in Scotland and bacterial kidney disease were caused by the same bacterium. Since these two publications, no further studies on the classification of the kidney disease bacterium (KDB) have been reported. The fastidious requirements for cultivation and the slow growth of the KDB (9, 17, 25) (29) . Material from these lesions was inoculated onto cysteine blood agar modified by substituting calf serum (10 to 2076, vol/vol) for human blood (17) . Active cultures of each isolate were maintained on cysteine serum agar in 1-02 (ca. 30-ml) prescription bottles at 15 or 18OC and transferred monthly. Deoxyribonucleic acid (DNA) and purified cell wall preparations were obtained from cells grown on cysteine serum sugar for 20 to 30 days at 15 or 1 8 ' C in glass culture bottles (surface area, about 170 cm2). Immediately before inoculation, 5 to 10 ml of cysteine serum broth was added to each culture bottle to ensure adequate surface moisture during incubation.
Electron microscopy. Cells grown on cysteine serum agar were harvested and washed twice with sterile, double-distilled water. A drop of this washed cell suspension was placed on a polyvinyl-Formvarcoated 300-mesh copper grid. Excess liquid was re-moved, and a drop of 2% phosphotungstic acid was added. Excess liquid was again removed, and the grid was allowed to dry in air. Specimens were examined in a Philips EM-300 electron microscope and were recorded on Kodak electron image plates (Fig. 1). DNA preparation. For isolation of DNA, 3 to 5 g (wet weight) of cells was washed once and suspended in 8 to 10 ml of saline-ethylenediaminetetraacetate (0.15 M NaCl plus 0.1 M ethylenediaminetetraacetate). The cells were broken with the aid of a French press at 15,000 to 20,000 lb/in2. The cell suspension was passed twice through the pressure cell and centrifuged at 6,780 X g for 15 min, and the DNA-containing supernatant was collected and held at 4°C. The cell pellet consisted of two distinct layers: a white upper layer composed of broken cells and a lower, lightbrown layer of unbroken cells. The upper layer was suspended and removed with saline-ethylenediaminetetraacetate, and fresh diluent (3 to 5 ml) was added to the pellet of unbroken cells. The suspension of unbroken cells was again passed through the pressure cell, and the supernatant was harvested. This cycle was repeated two or three times more. DNA from the pooled supernatants was purified by the method of Marmur (15) The equation used to relate T, to guanine plus cytosine (G+C) content was that of Mandel et al. (14) .
Composition of cell walls (principal amino acids and amino sugars). Cell walls of the strains tested were isolated and purified by a procedure similar to that of Donegan and Riggs (8). The cells were harvested, washed twice in double-distilled water, and broken with an ultrasonic oscillator (Heat SystemsUltrasonic hc., model Wl85). The peptidoglycan was isolated from the cell wall material by the method of Park and Hancock (18) , except that the trypsin solution was prepared according to Schleifer and Kandler (24) . Amino acids were identified and quantitated on an amino acid analyzer (Beckman, model 121 M) after hydrolysis in 6 N HC1 for 22 h at llO°C in an evacuated chamber. The presence of glucosamine and muramic acid was determined by the method of Rondle and Morgan (20) as modified by Nowotny (16) . The glucosamine readings were determined immediately by optical density at 530 nm, and the muramic acid was read for optical density at 505 nm, after incubation for 18 h at 25°C (5, 13). 
Composition of cell walls (principal sugars).
Cells were broken, as previously described, with the aid of a French press at 15,000 to 20,000 lb/in2. After centrifugation, the layer of broken cells was removed from the cell pellet. This procedure was repeated twice, and the broken-cell layers were pooled. The procedure for purifying the broken-cell wall suspension in general followed that outlined by Work (31) except that the trypsin was suspended in tris(hydroxymethy1)aminomethane buffer (pH 7.7) and both deoxyribonuclease (5 mg) and ribonuclease (10 mg) in tsis(hydroxymethy1)aminornethane buffer were used in the 6 1 4 digestion step. Carbohydrates were determind &r hydrolysis of each cell wall preparation in 1 N HCl for 10 h in boiling-water bath.
Each hydmlysate was neutralized (phenolphthalein)
with NaOH in the cold with rapid mixing and was then freeze dried. Trimethyhilyi derivatives were prepared and were analyzed on a gas chromatographic analyzer (Hewlett-Packard, model 402). Pentoses and methylpentoses were determined by the methods of Dische (6) Table 2 . From 14 to 16 amino acids were detected in measurable amounts in cell wall preparations from each isolate. In all fractions the amino acids found in major quantities were alanine, glutamic acid, lysine, and glycine. Among the amino acids occurring in minor quantities, serine was present in the same relative propor- Molar ratios of the principal cell wall amino acids and amino sugars. The molar ratios of the principal cell wall amino acids ( Table 2 ) and amino sugars (Table 3) are given in Table 4 . These values were calculated as molar ratios to glucosamine, even though alanine was present in considerably greater concentrations. The molar ratios of muramic acid to glucosamine vary from 0.5 to 0.6, strongly suggesting alternating glucosamine and muramic acid units in the glycan moiety. The "major" amino acids-lysine, glutamic acid, glycine, and alanine-occurred in molar ratios of about 1:l:l: 3-5. All of the KDB isolates contain lysine as their principal &amino acid. In addition, the presence of 1 mol of glycine and such large amounts of alanine suggests that their location in the interpeptide bridges is between the peptidoglycan subunits.
DISCUSSION
Barksdale (1) and the most recent edition of Bergey's Manual (19) have given ample evidence demonstrating that the various members of the Corynefom Group of Bacteria cannot be distinguished on the basis of cellular morphology alone. Ordal and Earp (17) originally suggested a relationship of KDB to the genus Corynebacterium based in part on pleomorphic characteristics of the cells. Young and Chapman (32) recently indicated a consistent rod form with KDB cells grown in culture and more irregularity with those growing in host tissues. It is our general obsenration that pleomorphism among KDB, whether in culture or host tissues, occurs only to a minor extent and probably reflects more closely variations in the growth cycle or host response, or both, rather than any basic morphological characteristic (Fig. 2) .
In the latest edition of Bergey's ManuaZ (19), the critical characteristics considered essential for the human and other-animal pathogenic corynebacteria (Section I) are discussed. These include the presence of a peptidoglycan containing alanine, glutamic acid, and meso-diaminopimelic acid and a polymer containing arabinose and galactose in the cell w d . In addition, the presence of mycolic acids is another property of considerable taxonomic sigmficance.
Cell wall analysis indicates that each of the KDB isolates contains a peptidoglycan considerably different from that described for the human and other-animal pathogenic corynebacteria. In addition, no galactose and only minor amounts of arabinose were found in cell wall hydrolysates. Glucose was the principal sugar detected. The presence of mycolic acids was not determined in this study; however, Goodfellow et al. (10) recently reported the absence of mycolic acids in a strain of KDB (H14) obtained from the U.S. Fish and Wildlife Service, Eastern Fish Disease Laboratory, Leetown, W.Va. These observations strongly indicate that the KDB isolates should not be included with the genus Corynebacterium as originally suggested by Ordal and Earp (17).
Bullock et al. (4)
have suggested a resemblance between KDB and members of the genus Listeria; however, the G+C content of the DNA of KDB (53 k 0.46 mol%) differs markedly from that reported for the family Lkteriaceae (38 to 42 mol% 1271). Further, the cell wall peptidoglycan of Listeria rnonocytogenes contains mesodiaminopimelic acid, aspartic acid, and leucine, which were not detected in the KDB isolates. The relationship between KDB and Listeria denitrificans is less clear, although it should be pointed out that several investigators (12, 27) have suggested that the latter be relocated in the Coryneform Group of Bacteria.
The KDB isolates also do not closely resemble members of the genus Erysipelothrix. The latter have a tendency to form long filaments, are catalase negative, and have a G+C content of about 36 mol%.
The generic classification of KDB within the Corynefonn Group of Bacteria is complicated by the numerous taxonomic problems encountered with this diverse group (19). Jones (12), in a numerical taxonomy study, indicated that the family Corynebacteriaceae contained five or six taxa worthy of genus rank. Two of these genera clustered around Corynebacterium pyogenes and L. denitrificans. The L. denitrificans group was identified more closely with the genus Arthrobacter, which has characteristics quite different from those of the KDB isolates. The generic classification of C. pyogenes has been considered questionable for a considerable period of time (1, 11, 12, 19 ). C. pyogenes and the closely related Corynebacterium haemolyticum have a G+C content of 58 +_ 1.0 rnol%, have rhamnose and glucose as their cell wall sugars, contain alanine, glutamic acid, and lysine in the cell wall peptidoglycan, and, according to Goodfellow et al. (lo), do not possess mycolic acids. The KDB isolates share these cell wall characteristics; however, they do not react to Lancefield group G antisera, and they have a lower G+C value and a different optimum tempera-VOL. 30, 1980 RENIBACTERIUM SALMONINARUM GEN. NOV., SP. NOV.
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ture for growth (25) and pathogenesis (23) . We therefore propose the establishment of a new genus, Renibacterium (Re.ni.bac.te'ri.um. L.n. renes the kidneys; Gr. neut. n. bakterion small rod; M.L. neut. n. Renibacterium kidney bacterium), for this organism. Because the four isolates described here varied only in the amounts of cell wall amino acids and sugars detected, it is proposed that these organisms represent variants of the same species, for which we propose the name Renibacterium salmoninarum sp Smith (25) described the colony characteristics on several media. On cysteine serum agar the colonies are circular and convex, white to creamy yellow, and of varying sizes. On Loeffler coagulated serum a creamy growth with a matt surface is produced. With Dorset egg medium, growth appears as a raised, smooth, shiny yellow layer. On cysteine serum broth, creamy-yellow growth occurs only at the surface of the medium. Growth on all media is slow, often requiring several weeks of incubation.
Grows very slowly at 5 and 22°C; no growth occurs at 37°C (25) . Optimal growth occurs at 15 to 18°C. Maximum cell yields are obtained after 20 to 30 days of incubation at 15 to 18°C at pH 6.5 to 7.5.
Aerobic. There is no apparent acid production from sugars. All strains require cysteine for growth. The majority of strains also require serum or whole blood for growth. Catalase positive (activity inhibited by 0.01 M sodium azide).
Cytochrome-oxidase negative. Does not liquefy gelatin (25) . Proteolysis without any pH change is produced in litmus milk (25) . The G+C content of the DNA is 53.0 mol% The cell wall peptidoglycan contains glutamic acid, lysine, alanine, and glycine. The principal cell wall sugar is glucose; arabinose, rhamnose, and mannose are also present. Mycolic acids are not present in at least one strain (10) .
Serological tests with 10 strains of this bacterium isolated from various locations in the United States and Canada showed all to be antigenically homologous (3). Does not crossreact to Lancefield group G streptococcal antisera.
Produces a slowly developing chronic infection characterized by gray-white, enlarged necrotic abscesses in the kidney (29) . Young and Chapman (32) indicated that the pathological changes in the fine structure of both the glomerulus and renal tubules resemble those observed in mammalian glomerulonephritis and nephrotic syndrome.
Susceptible to chloramphenicol (26) , erythromycin (28) , and sulfonamides (21, 22, 30) .
Occurs among populations of salmonid fishes in North America, Europe, and Asia. This bacterium has only been isolated from members of Salmoninae, the salmon, trout, and char, of the family Salmonidae.
Type strain: Lea-1-74 (= ATCC 33209). The description of the type strain is as follows. Short rods, 0.3 to 1.0 by 1.0 to 1.5 pm, often occurring in pairs. Strongly gram positive. Not acid fast. Nonmotile. Nonencapsulated. Endospores are absent.
On cysteine serum agar the colonies are circular and convex, white, and of varying sizes. Growth is slow, often requiring several weeks of incubation. Optimal growth occurs at 15 to 18°C. Maximum cell yields are obtained after 20 to 30 days of incubation at 15 to 18°C at pH 6.5 to 7.5.
Aerobic. There is no apparent acid production from glucose. Cysteine is required for growth. The majority of strains also require serum for growth. Catalase positive. Cytochrome-oxidase negative.
The G+C content of the DNA is 53.5 mol%. The cell wall peptidoglycan contains glutamic acid, lysine, alanine, and glycine. The principal cell wall sugar is glucose; arabinose, rhamnose, and mannose are also present.
